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Vector-Detecting Apparatus and Impedance Measuring Apparatus 
Bacl<ground of the invention 

5 

1 . Fieid of tlie invention 

The present invention pertains to a vector-detecting apparatus and relates 
in particular to a vector-detecting apparatus with which high-speed detection is 
possible. The vector-detecting apparatus of the present invention is preferably 
10 used in impedance measuring apparatuses, and the like. 

2. Discussion of the Baclcground Art 

Apparatuses that operate by the automatic balanced bridge method are an 
example of the prior art of impedance measuring apparatuses. Impedance 
15 measuring apparatuses that operate by the automatic balanced bridge method 
are characterized in that they cover a broad measurement frequency range and 
their measurement accuracy is good within a broad impedance measurement 
range. 

20 The general structure and operation of an impedance measuring 

apparatus that operates by the automatic balanced bridge method are described 
below. The general structure of an impedance apparatus that operates by the 
automatic balanced bridge method is shown in Figure 1 . In Figure 1 , the 
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impedance measuring apparatus 100 comprises a signal source 200, an 
automatic balanced bridge 300, and a vector ratio determining apparatus 500. 

Signal source 200 is the signal source that generates the measurement 
5 signals applied to device under test 400. 

Automatic balanced bridge 300 is a device that outputs a voltage signal 
Edut applied to device under test 400 and outputs a voltage signal Err converted 
from the current that flows to device under test 400. Automatic balanced bridge 

10 300 comprises as its structural elements a measurement electrode High and a 
measurement electrode Low for connecting the device under test 400, and a 
current-to-voltage transformer 310 which includes an input terminal imaginary 
grounded and connected to device under test 400. Current-to-voltage 
transformer 310 converts the current signals that are output from device under 

IS test 400 to voltage signals and thereafter outputs the signals. 

Vector ratio-determining device 500 is a device that determines the vector 
ratio of voltage signal Edut and voltage signal Err. Vector ratio-determining device 
500 comprises as its structural elements buffer amps 510, 51 1, 512, and 513, a 
20 switch 520, a mixer 530, a local oscillator 540, a low-pass filter 550, an analog- 
digital converter 560, a digital signal processor 570, and a CPU 580. Hereafter 
analog-digital converters are referred to as A/D converters and digital signal 
processors are referred to as DSP. Switch 520 comprises two input terminals 
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and one output terminal and selects and outputs one of the two input signals. 
Switch 520 is switched as needed under the control of CPU 580. The two 
voltage signals that are output from automatic balanced bridge 300 are input to 
switch 520 through a buffer amp. In detail, voltage signal Edut is input to one input 
5 terminal of switch 520 through buffer amp 510. Moreover, voltage signal Err is 
input to the other input terminal of switch 520 through buffer amp 51 1 . The signal 
that has been selected by switch 520 is input to mixer 530 through buffer amp 
512. 

10 Mixer 530 multiplies the signal output from switch 520 with the signal 

output from local oscillator 540. This multiplication of signals having different 
frequencies each other causes heterodyne frequency conversion. When the 
frequencies of two signals input to mixer 530 are regarded as fA and fe, the output 
signal of mixer 530 ideally contains spectrum having the sum frequency (fA + fe) 

15 and spectrum having the difference frequency (fA - fe). Of these output spectral, 
spectrum having the difference frequency is measured as the signal under test. 
In reality, voltage signal Edut and voltage signal Err that are input to mixer 530 and 
output signal of local oscillator 540 comprise of undesired frequency components 
other than the fundamental frequency. Consequently, the output signal of mixer 

20 530 comprises even more undesired frequency components. These undesired 
frequency components affect the determination results and therefore should be 
blocked by low-pass filter 550. 
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Signals under test are input to A/D converter 560 through low-pass filter 
550 and buffer amp 51 3. Low-pass filter 550 has frequency characteristics such 
that it also functions as an anti-alias filter for A/D converter 560. A/D converter 
560 samples input signals at sampling frequency fs. DSP 570 determines the 
5 vector of the signals under test. Specifically, DSP 570 performs fast Fourier 
transform of signal data that have been sampled by A/D converter 560 and 
determines the in-phase component and the quadrature-phase component of the 
signal under test. Fast Fourier transform is hereafter referred to as FFT. DSP 
570 determines the In-phase component and the quadrature-phase component of 

10 the signal under test when voltage signal Edut has been selected and determines 
the in-phase component and the quadrature-phase component of the signal 
under test when voltage signal Err has been selected as a result of switching 
switch 520. CPU 580 determines the vector ratio of voltage signal Edut and 
voltage signal Err from this in-phase component and the quadrature-phase 

15 component. 

Signal source 200 and local oscillator 540 are controlled by CPU 580 so 
that their frequency difference of the output signals becomes the frequency of the 
signal under test. Consequently, the oscillafion frequency of local oscillator 540 
20 changes in accordance with the frequency of the measurement signals that are 
applied to device under test 400. 
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Impedance measuring device 100 has the structure described above and 
therefore, the impedance of device under test 400 can be measured from the 
vector ratio of voltage signal Edut and voltage signal Err and known resistances of 
converting resistors that current-to-voltage transformer 310 comprises. 

5 

Conventional impedance measuring apparatus 100 has two problems with 
high-speed measurement. The first problem is the settling time of transient 
phenomena that are caused as a response of the output signals of low-pass filter 
§00550 immediately after switch 520 is switched. These transient phenomena 
10 affect the measurement results and therefore, impedance measuring device 100 
must wait before starting measurements until these transient phenomena have 
settled. 

The transient phenomena settling time is closely related to the inverse of 
15 the cut-off frequency fc of low-pass filter 550. Moreover, cut-off frequency fc of 
low-pass filter 550 is set in accordance with frequency of the output signals of 
filt e r S^O mixer 530 . that is. frequency fiF of the signal under test. For instance, if 
frequency fm of the measurement signal is set at 30 kHz and frequency fto of the 
output signal of local oscillator 540 is set at 31 kHz, frequency fiF of the signal 
20 under test by impedance measuring apparatus 100 will be 1 kHz. As previously 
mentioned, the output signals of mixer §40530 include unwanted signals other 
than the signals under test. Low-pass filter 550 sets this cut-off frequency fc so 
that these unwanted signals are cut off. One typical unwanted signal included in 
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the output signals of mixer §40530 is a feed-through component, such as fm or 
fuo- This feed-through component badly affects measurement results. The feed- 
through component must be attenuated to -120 dBc in order to be able to 
disregard the effect on the measurement results. On the other hand, attenuating 

5 the signal under test should be avoided as much as possible. When the feed- 
through component comprising the output signals of mixer §4 0530 is -60 dBc. 
low-pass filter 550 may be a Butterworth filter of order 6 or higher with a cut-off 
frequency fc of 3 kHz in order to simultaneously satisfy these requirements. In 
this case, the transient phenomena will persist for a time constant t = 0.3 

10 millisecond in the output signals of low-pass filter 550 immediately after switching 
switch 520. The settling time of transient phenomena is usually set at ten times 
the transient time constant x. Consequently, impedance measuring apparatus 
100 must wait three milliseconds after switching switch 520 before beginning 
measurements. 

15 

Frequency fipand therefore cut-off frequency fc can be increased in order 
to shorten this settling time. For instance, if frequency fto is set at 39 kHz, 
frequency fiF becomes 9 kHz and cut-off frequency fc becomes 27 kHz. 
Moreover, the settling time becomes approximately 0.3 millisecond. In this case 
20 as well, it is necessary to attenuate the feed-through component to -120 dBc in 
order to be able to disregard the effect of the feed-through component on the 
measurement results, as previously mentioned. However, the feed-through 
component frequency fm and the cut-off frequency fc are close to one another and 
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therefore, low-pass filter 550 must be a filter with a very sharp attenuation slope. 
When low-pass filter 550 comprises a Butterworth filter, the order of the filter that 
is needed is very high and the filter is impractical. Moreover, if low-pass filter 550 
comprises a Chebychev filter, problems with measurement error will newly arise 
5 in the frequency characteristics of the filter, such as passband ripple, will be 
fluctuated due to circuit element variations, and the measurement results will 
have large distributions, and the like. 

The second problem is the FFT operation time. FFT of 4m point data 
10 requires (16m log2 4m) calculations, where m is a natural number. For instance, 
when m = 2, 96 calculations are necessary. Even though there has been a 
considerable increase in the processing capability of digital signal processors in 
recent years, the calculafion time for FFT operafion is sfill a hindrance to high- 
speed measurement. 

15 

The formation of thin films has advanced to such a point that the thickness 
of MOS device gate oxide films is less than 2 nm as a result of the progress that 
has been made in recent years in semiconductor microfabricafion technology in 
accordance with Moore's law. This gate oxide film thickness is an important 
20 parameter that determines the operating threshold of MOS devices and therefore, 
the exact in-wafer distribution of the oxide film thickness must be measured at a 
high through-put in MOS device wafer producfion processes. Though destrucfive 
methods can be used for this oxide film thickness measurement, such as cross 
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section observation using a transmission electron nnicroscope, in most cases the 
film thickness is estimated by the measurement of MOS capacitance and 
calculation of equivalent thickness assuming the dielectric constant. When the 
MOS capacitance is measured today, a very small capacitance of 10 pF should 
5 be measured at an accuracy of 0.1% in 1 millisecond or less. Consequently, 
high-accuracy, high-speed measurement of capacitance is extremely important 
in the semiconductor industry. 

Summary of the Invention 
10 The present invention realizes high-speed measurement by impedance 

measuring apparatuses without deterioration of measurement accuracy. 

Moreover, the present invention is an impedance measuring apparatus 
comprising a vector-detecting apparatus, with this vector-detecting apparatus 

15 comprising a first filter and a second filter whose impulse responses are 

orthogonal to each other and the output of the first filter serving as the in-phase 
component of the pre-determined frequency signal and the output of the second 
filter serving as the quadrature-phase component of the pre-determined 
frequency signal. Moreover, when the input signal is frequency-converted at the 

20 step before the vector-detecting apparatus, the ratio of the frequency before this 
conversion and the frequency after this conversion becomes an integer of 2 or 
higher. 
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Brief Description of the Drawings 

Figure 1 is a schematic drawing of the structure of an impedance 
measuring apparatus of the prior art. 

Figure 2 is a schematic drawing of the structure of an impedance 
measuring apparatus of the technology of the present invention. 

Figure 3A is a drawing showing the internal block of filter 860. 

Figure 3B is a drawing showing the internal block of filter 865. 

Figure 4 is a drawing showing the frequency-attenuation characteristic of 
filter 860 and filter 865. 

Figure 5 is a drawing showing the spectrum of the output signals of mixer 

530. 

Figure 6 is a drawing showing the spectrum of the output signals of mixer 

530. 

Figure 7A is a drawing showing the internal block of filter 870. 
Figure 7B is a drawing showing the internal block of filter 875. 
Figure 8 is a drawing showing the frequency-attenuation characteristic of 
filter 870 and filter 875. 

Figure 9A is a drawing showing the internal block of filter 880. 
Figure 9B is a drawing showing the internal block of filter 885. 

Detailed Description of the Preferred Embodiments 

The present invention will now be described based on the preferred 
embodiments shown in the appended drawings. The first embodiment of the 
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present invention is an impedance measuring apparatus that operates by the 
automatic balanced bridge method and a schematic drawing of its structure is 
shown in Figure 2. 

5 An impedance measuring apparatus 600 in Figure 2 comprises a signal 

source 200, an automatic balanced bridge 300, and vector ratio-determining 
device 700, 

Signal source 200 is the signal source that generates measurement 
10 signals applied to a device under test 400. The measurement signals are sine- 
wave signals of frequency fm. 

Automatic balanced bridge 300 is a device that outputs a voltage signal 
Edut that is applied to device under test 400 and voltage signals &FErr that are 

15 converted from the current that flows to device under test 400. Automatic 
balanced bridge 300 comprises as its structural elements of a measurement 
electrode High and a measurement electrode Low for connecting the device 
under test 400, a current-to-voltage transformer 310 has an input terminal 
grounded and connected to device under test 400. Current-to-voltage transformer 

20 310 converts the current signals that are output from device under test 400 to 
voltage signals and thereafter output the signals. 
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Vector ratio-determining device 700 is a device that determines the vector 
ratio between voltage signal Edut and voltage signal Err. Vector ratio-determining 
device 700 comprises as its structural elements buffer amps 710, 720, and 740, a 
switch 730, a vector-detecting apparatus 800, and a CPU 750. 

5 

Switch 730 comprises two input terminals and one output terminal and 
selects and outputs one of two input signals. Switch 520730 is switched as 
needed under the control of CPU 750. Two voltage signals are output from 
automatic balanced bridge 300 and are input through buffer amps to switch 730. 
10 In detail, voltage signal Edut is input through buffer amp 710 to one input terminal 
of switch 730. Moreover, voltage signal Err is input through buffer amp 720 to the 
other input terminal of switch 730. The signal selected by switch 730 is input 
through buffer amp 740 to mixer 810. 



15 Vector-detecting apparatus 800 is an apparatus that detects the vector of 

an input signal and comprises a mixer 810, a local oscillator 820, a low-pass filter 
830, a buffer amp 840, an analog-digital converter 850, and filters 860 and 865. 
Analog-digital converter 850 is hereafter referred to as A/D converter 850. Mixer 
810 multiplies signals that are output from switch 730 and signals that are output 

20 from local oscillator 820 and outputs the multiplied signals. The output signals of 
local oscillator 820 are sine-wave signals of frequency fLo. Of the output spectral 
from mixer 810, spectrum having different frequency are measured as the signal 
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10 



15 



under test. Moreover, frequency fiF of the signals under test is set so that the 
relationship In the following formula is established. 



N is an integer of 2 or higher. The output signals of mixer 810 are input 
through low-pass filter 830 and buffer amp 840 to A/D converter 850. A/D 
converter 850 samples the input signals at a sampling frequency fs. Sampling 
frequency fs Is a frequency that is the 4m multiple of the frequency fiF of the signal 
under test. Moreover, the cut-off frequency fc of low-pass filter §§0830 is set so 
that it can also function as the anti-alias filter for A/D converter 560830. 



m is a natural number. Sampled signal data V(n) are processed by filter 
860 and filter 865 and output. 

Filter 860 and filter 865 are linear FIR digital filters. The inside block of 
filter 860 and filter 865 is shown in Figure 3A and Figure 3B. T in Figure 3A and 
Figure 3B is the time delay that is equal to the inverse of sampling frequency fs. 
Filter 860 and filter 865 have response characteristics represented by the 
following formulas based on the effect of filter coefficients hoo(k) and h9o(k). 
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6 is any value. 



5 

Filter 860 and filter 865 have the same frequency-attenuation 
characteristic. The frequency-attenuation characteristic of filter 860 and filter 865 
when m = 2 is shown in Figure 4. The y-axis in Figure 4 shows the attenuation of 
filter 860 and filter 865 and the x-axis shows the frequency normalized at 

10 frequency fiF of the signal under test. According to Figure 4, filter 860 and filter 
865 have an obvious attenuation characteristic near the frequency that 
corresponds to the higher harmonics component of the signal under test. Filter 
860 and filter 865 have an obvious attenuation characteristic near the frequency 
that corresponds to the higher harmonics component of the signal under test 

15 even in cases other than m = 2. 
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Next, the spectrum of the output signals of mixer 810, the frequency- 
attenuation characteristic of low-pass filter 830, and the frequency-attenuation 
characteristic of filter 860 and filter 865 are shown in Figure 5. 

5 The spectrum of the output signals of mixer 81 0 is given under the 

following conditions. First, the terminal in mixer 810 that inputs voltage signal Edut 
and voltage signal Err is regarded as the RF terminal, the terminal that inputs the 
output signal of local oscillator 820 is regarded as the LO terminal, and the output 
terminal is regarded as the IF terminal. The isolation between the RF terminal 

10 and the IF terminal of mixer 810 is 60 dB and the isolation between the LO 
terminal and the IF terminal of mixer 810 is 46 dB. The frequency of voltage 
signal Edut and voltage signal Err, that is, frequency fm of the measurement signal, 
is set at 30 kHz. Frequency fto of the output signals of local oscillator 820 is set 
at 40 kHz. Moreover, voltage signal Edut and/or voltage signal Err, as well as the 

15 output signal of local oscillator 820, may contain second, third, fifth, and seventh 
order harmonics. The second order harmonic is regarded as -60 dBc and the 
third through seventh orders are each regarded as -70 dBc. Furthermore, the 
cut-off frequency fc of low-pass filter 830 is regarded as 40 kHz. 

20 The dotted curves in Figure 5 shows the frequency-attenuation 

characteristic of filter 860 and filter 865. Moreover, the dashed curve in Figure 5 
shows the frequency-attenuation characteristic of low-pass filter 830. The vertical 
solid lines in Figure 5 show the spectrum of the output signal of mixer 810. The 
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spectrum of the output signal of mixer 810 is normalized by frequency fiF of the 
signal under test and the amplitude at the frequency fiF. The y-axis on the left 
side in Figure 5 shows the signal spectrum, the y-axis on the right side shows the 
attenuation, and the x-axis shows the frequency normalized by frequency fir of 
5 the signal under test. Frequency fiF of the signal under test is set so that it 
becomes 1/N of frequency fm of the measurement signal and therefore, in 
addition to the frequency (fip) component of the signal under test, the output 
signal of mixer 810 contains signal components that are present in the higher 
harmonic frequencies of the signal under test. Signal components that are 

10 present in the higher harmonic frequencies of the signal under test have an effect 
on the measurement results and therefore are unnecessary. It is clear from 
Figure 5 that these undesired signal components are attenuated considerably by 
filter 860 or filter 865. When m = 2, filter 860 or filter 865 has a low attenuating 
effect near 7fiF. However, frequency components of at least 4fiF or higher are cut 

15 off by low-pass filter 830, which is an anti-alias filter, and therefore, in the end 
even the components near 7fiF are attenuated. 

Next, a table relating to measurement error is shown in Table 1 . It shows 
the output signals of mixer 810, the attenuation of low-pass filter 830, the 
20 attenuation of filter 860 and filter 865, and the measurement error. Error 1 is the 
measurement error when the output signal of mixer 810 has been filtered by filter 
860 or filter 865. Moreover, error 2 is the measurement error when the output 
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signal of mixer 810 has been filtered by low-pass filter 830, as well as filter 860 or 
filter 865. 
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Table 1 
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As is clear from Table 1 , the measurement error is held to less than 0.1% 
by filter 860 or filter 865 only. 

The filter coefficients of filter 860 and filter 865 are orthogonal to each 
other. Consequently, filter 860 and filter 865 can extract the vector components 
of the signal under test, that are, the in-phase component and the quadrature- 
phase component of the signal under test. Filter 860 and filter 865 measure the 
in-phase component and the quadrature-phase component of the signal under 
test when voltage signal Edut has been selected and the in-phase component and 
the quadrature-phase component of the signal under test when voltage signal Err 
has been selected. 

Finally, CPU 750 measures the vector ratio of voltage signal Edut and 
15 voltage signal Err from the respective In-phase component and the quadrature- 
phase component. 

Signal source 200 and local oscillator 820 are controlled by CPU 750 so 
that the difference in their oscillation frequencies becomes a pre-determined 
20 frequency. Moreover, the oscillation frequency of signal source 200 and local 
oscillator 820 changes in accordance with the frequency of the signals applied to 
device under test 400. 



5 



10 



18 



Ser. No. 10/809.297 



Substitute Specification (Marked) 



As previously described, depending on the selection of frequency fm of the 
measurement signal and frequency fiF of the signal under test and the combined 
effect of low-pass filter 830 and filter 860 or filter 865. impedance measuring 
apparatus 600 can extract only the signal under test from the measurement 
5 signals and measure the in-phase component and the quadrature-phase 

component of this signal under test. In addition, the cut-off frequency fc of low- 
pass filter 830 can be set at a higher frequency than in the past and therefore, 
high-speed measurement by impedance measuring apparatus 600 can be 
realized. Furthermore, the number of calculations for measuring the in-phase 
10 component and the quadrature-phase component is 15 when m = 2 and 
therefore, even faster high-speed measurement by impedance measuring 
apparatus 600 is realized. 

There are cases where frequency fiF of the signal under test cannot be set 
15 so that it becomes 1/N of frequency fm of the measurement signal by controlling 
the specifications of the A/D converter that will be used, and the like, and it must 
be set at a frequency that is somewhat different from 1/N of frequency fm of the 
measurement signal. Even in this case, the above-mentioned high-speed effect 
is similarly obtained. An example is shown below: 

20 

For instance, frequency fm of the measurement signal is regarded as 30 
kHz. frequency fto of the output signal of local oscillator 820 is regarded as 
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39.375 kHz, and frequency fiF of the signal under test is regarded as 9.375 kHz. 
In this case, N is not an integer (N = 3.2). 

The spectrum of the output signals of mixer 810. the frequency-attenuation 
5 characteristic of low-pass filter 830, and the frequency-attenuation characteristic 
of filter 860 and filter 865 are shown in Figure 6. The spectrum of the output 
signals of mixer 810 is given under almost the same conditions as in Figure 5. 
However, frequency fm of the measurement signals is regarded as 30 kHz. In 
addition, frequency fto of the output signals of local oscillator 820 is regarded as 
10 39.375 Hz. 

The dotted curves in Figure 6 show the frequency-attenuation 
characteristic of filter 860 and filter 865. Moreover, the dashed curve in Figure 6 
shows the frequency-attenuation characteristic of low-pass filter 830. The vertical 

15 solid lines in Figure 6 show the spectrum of the output signal of mixer 810. The 
spectrum of the output signal of mixer 810 is normalized by frequency fiF of the 
signal under test and the amplitude at the frequency fiF. The y-axis on the left 
side in Figure 6 shows the signal spectrum, the y-axis on the right side shows the 
attenuation, and the x-axis shows the frequency normalized by frequency fiF of 

20 the signal under test. The output signals of mixer 810 contain unwanted signal 
components of various frequencies other than the frequency (fiF) component of 
the signal under test. It is clear from Figure 6 that these undesired signal 
components are attenuated by filter 860 or filter 865. When m = 2, the unwanted 
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signal connponent generated by mixer 810 is attenuated at least 15 dB by filter 
860 or filter 865 as long as fm is a value from 1 .7 fiF to 7.3 fiF. 

Next, a table relating to measurement error is shown in Table 2. Table 2 
shows the output signals of mixer 810, the attenuation of low-pass filter 830, the 
attenuation of filter 860 and filter 865, and the measurement error. Error 1 is the 
measurement error when the output signal of mixer 810 has been filtered by filter 
860 or filter 865. Moreover, error 2 is the measurement error when the output 
signal of mixer 810 has been filtered by low-pass filter 830, as well as filter 860 or 
filter 865. 
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Table 2 
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Low-pass 
filter 830 (fc = 
40 kHz) 


riiier oou 
Filter 865 


Error 1 


trrop^ 
£0mri) 


Compori^ 
ent 


V Frequency 


Ratio to fiF 


Output 
(dBc) 


Attenuation 
(dB) 


Attenuation 
(dB) 








IjOO 


OJ&O 


0.C% 


OjOO 


^-''''^'^ 


^^^^^^^ 




\\.^ 






0,00 


->kao 


0J20 






13JZ8 


1j40 


-140J[I0 


OjOQ 


-0J55 


0X11 


0.07 




I8.7S0 






3S 




0;D0 


0.00 








-60JD0 


>Krto 




120^3 


119.00 










^ -3JiO 


-353.10 


OjOO 


aoo 


fm 






-54-iftK 


><f 




186J4 


6S.37 














0i)l 














-24JtO 


eidJOd 


22-00 








^'^ -140.00 




-353JO 


OuOO 


OjOO 




4&.750 




-moo 


-60.03 




60.24 


0.24 






^ 5.40 




-e4J0 




40.70 


0.09 










-60^4 






0.00 






«.4il 


-I14.<W) 




-7.49 




0.00 








-140XKt 


<^ei5o 


0^0 


^^0,10 


0.OD 








-130.00 


-eojo 


-sua 




y 0J30 


Total error (ppm) 
Total error (%) 







">^. 210.03 




0.0ff08 
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Mixer 810 


Low-pass 
filter 830 (fc = 
40 kHz) 


Filter 860 
Filter 865 


Error 1 
(ppm) 


Error 2 
(ppm) 


Compon- 
ent 


Frequency 
(kHz) 


Ratio to fiF 


Output 
(dBc) 


Attenuation 
(dB) 


Attenuation 
(dB) 






0.376 




CU30 


0,00 


OjOO 








1U»I 


1.20 


-moo 


OjOQ 


-1-20 


0JI18 


OJ28 




13.120 




-140iW 




-3J55 


0j07 


0.07 




lOJSO 


HM 


^I^IW 


-0.03 


-417.72 


OjOO 


0.00 




20j62S 




-€Qil0 


H5,lri 


^18^ 


120i33 


110.00 




20.125 




*t«.00 


-3^8 


-853,15 


OjOO 


0.00 




OQiSdO 


uo 


-^1^00 


-0.02 




1 88.74 


80.37 






MO 


-14000 


-074 


-18^8 


0.01 


OM 




30J75 


«jeto 


-40.00 


-28^7 




OI3J08 






46JI75 


SJOO 


* -14000 


"-48.80 


-353.10 


OilO 




„,.?ft«'::fn 


40.780 


S.20 




-80.83 


-2IJ8I 


aa24 






$QJ2S 


[r.40 


-70.00 


-04J0 




40.70 


0.(» 




$01125 


f.20 




-0«M 


-14^8 


OJOO 


0.00 




OOlOOO 


8.40 


-It4i» 


-72J25 


-7.48 


0^4 


0.00 




0S.82S 


7^0 


-140M 


^IJ89 


0^0 


0.10 


QM 




7US0 


7J0 


-130,00 


-80.10 






Qm 






Total error (Dom) 


»f7J7 


210^3 




Total error (%) 


,, . . 0.0W? 


0.0211 
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As is clear from Table 2. the measurement error is held to less than 0.1% by filter 
5 860 or filter 865 only. Consequently, even though there are cases in which 

frequency fiF of the signal under test must be set at a frequency that is somewhat 
different from 1/N of frequency fm of the measurement signal, measurement 
accuracy is not compromised and measurement is high-speed. 

10 Recently, an over-sampling A/D converter has often been used for high- 

speed measurement. An over-sampling A/D converter is an A/D converter that 
samples at a frequency well exceeding the Nyquist frequency of input signal 
bandwidth and is characterized in that the dynamic range improves with an 
increase in the ratio of the sampling frequency to the Nyquist frequency. The 

15 over-sampling A/D converter samples at a clock frequency that is an x multiple of 
the Nyquist frequency and further performs filtering and noise shaping on the 
inside and then outputs the converted digital data. 

Impedance measuring apparatus 200 of the first embodiment can be 
20 further improved when the above-mentioned type of high-speed A/D converter is 
used. An example is described below as a second embodiment of the present 
invention. Filter 860 and filter 865 of impedance measuring apparatus 600 are 
replaced with filter 870 and filter 875. Moreover, filter 870 and filter 875 have an 
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averaging device Av in front of filter 860 and filter 865. The sampling frequency 
of the A/D converter of the impedance measuring apparatus of the second 
embodiment is changed to fsx. 



By means of the second embodiment, every x number of data V(u) that 
have been sampled at sampling frequency fsx are averaged in succession and 
these averaged data Va(n) are filtered. Filter 870 and filter 875 have the 
response characteristics represented by the following formulas as a result of 
averaging and the effects of filter coefficients hoo(k) and h9o(k). 



Filters 870 and 875 have the same frequency-attenuation characterisfic. 
The frequency-attenuation characteristic of filter 870 and filter 875 when m = 2 
and X = 2 is shown in Figure 8. It Is clear from Figure 8 that filter 870 and filter 
875 have an obvious attenuation characteristic near the frequency that 
corresponds to the higher harmonic component of the signal under test. 
Furthermore, it is clear that it has an obvious attenuation characteristic, even at 
the passband that appears on the higher harmonic side in Figure 4 and that the 
filter characteristics are improved. Filter 870 and filter 875 have an obvious 




IF 




/ 
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attenuation characteristic near the frequency that corresponds to the higher 
harmonic component of the signal under test, even in cases other than m = 2. 

The impedance measuring apparatus of the second embodiment can also 
5 use filter 880 and filter 885 in place of filter 870 and filter 875.The internal block of 
filter 880 and filter 885 here are shown in Figure 9. Filter 880 and filter 885 are 
similar to filter 860 and filter 865, but they differ in that an x number of the same 
filter coefficient are connected. Filter 880 and filter 885 have the response 
characteristics represented by the following formula as a result of the effects of 
10 filter coefficients goo(k) and g9o(k). 



filter 880 and filter 885 is the same as when filter 870 and filter 875 are used and 
is as shown in Figure 8. 





Wherein, 



15 



Incidentally, 9 is any value. The frequency-attenuation characteristic of 
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As previously described in detail, a vector-detecting apparatus that detects 
the in-phase component and the quadrature-phase component of a pre- 
determined frequency signal comprises a first filtration means and a second 
filtration means, the impulse response of this first filtration means is weighted by 
5 the sine function of the same frequency as the pre-determined frequency, the 
second filtration means is weighted by the cosine function of the same frequency 
as the above-mentioned pre-determined frequency, the output of the first filtration 
means is regarded as the in-phase component of the above-mentioned frequency 
signal, and the output of the second filtration means Is regarded as the 
10 quadrature-phase component of the above-mentioned pre-determined frequency 
signal and therefore, high-speed vector measurement of the measurement signal 
can be realized. 

Moreover, when a frequency converter is set up in the vector-detecting 
15 apparatus, the ratio of the frequency before conversion by the frequency 

converter and the frequency after conversion is an integer of 2 or higher and the 
output signals of the frequency converter are input to the first filtration means and 
the second filtration means. Therefore, the band of the low-pass filter that is in 
back of the frequency converter can be expanded and as a result, high-precision, 
20 high-speed vector detection of the measurement signals can be realized. 

Furthermore, the first filtration means and the second filtration means are 
FIR filters and therefore, for instance, processing can be easily realized by FPGA 
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and the like, and a DSP is not necessary. Therefore, cost reduction, energy 
conservation, and space conservation of the vector-detecting apparatus are 
possible. 
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